The Sonagachi Project of Kolkata, India has been recognized as a model community development and human immunodeficiency virus/sexually transmitted infection (HIV/STI) prevention intervention among female sex workers. Limited research has been conducted regarding its applicability outside the South Asian context. This study sought to document the process and effectiveness of integrating community development activities based on the Sonagachi model into an ongoing HIV/STI peer education program with female sex workers in Rio de Janeiro, Brazil. Structured cross-sectional surveys examining HIV/STI-related behaviors and community development measures were conducted among 500 sex workers at pre-and post-intervention. We found that several community development components including social cohesion and mutual aid were significantly associated with consistent condom use among sex workers and their paying clients at pre-intervention. However, only a minority of women actively engaged in community-building activities over the 18-month study period. In turn, limited changes in community development components and no significant increases in the HIV/STI-related protective behaviors assessed were documented. Findings indicate that internalized stigma and socioeconomic pressures may have constrained the scope and pace of community mobilization in this setting during the study observation period.
Introduction
The Sonagachi Project of Kolkata, India brought to the forefront the importance of community mobilization and development among female sex workers as a means to improving their health and well-being and reducing human immunodeficiency virus/sexually transmitted disease (HIV/STI)-related vulnerability [1, 2] . When the Sonagachi Project began in the early 1990s, it utilized a three-pronged approach to HIV/STI-risk reduction including behavior change communication, condom distribution and STI management. Over time, the project became sensitized to the importance of sex workers' social vulnerability to HIV infection. In particular, project leaders and participants came to conceptualize sex workers' heightened HIV/STI-related vulnerability in terms of community powerlessness resulting from the historic exclusion of sex workers from access to material resources, policy considerations and decision making and citizenship [3, 4] .
The social vulnerability perspective adopted by Sonagachi over time led them to develop and implement a broader set of program activities to complement the aforementioned three-pronged approach.
Five intervention areas were identified through a comprehensive case study as critical components of the Sonagachi operational model, including (i) facilitating a sense of community among sex workers, (ii) decreasing perceived powerlessness and insecurity, (iii) increasing access and control over material resources, (iv) increasing social participation and (v) facilitating the social acceptance of sex workers [3, 4] . It is this framework and the increases in condom use and the decreases in STIs that were achieved through its implementation which has made Sonagachi a UNAIDS Best Practice Model for HIV/STI prevention among sex workers [5, 6] .
In an effort to extend the lessons learned from Sonagachi to other sociocultural contexts, an intervention research project was initiated among a group of low-income, predominantly street-based female sex workers in Rio de Janeiro, Brazil. In 2000, a series of participatory workshops were held to discuss the Sonagachi experience and potential applications of their community development approach among this group of women. These meetings made clear the potential importance of community cohesion among sex workers in order to both increase opportunities for mutual support regarding protective health behaviors and for organizing collective action to address structural constraints to improving the their health, including violence and discrimination. In turn, a diverse set of community development activities were defined and implemented by local sex workers. The primary objective of this paper is to describe the process, the effectiveness and the challenges of integrating community development activities into an ongoing HIV/STI peer education program among female sex workers in Rio de Janeiro, Brazil.
Methods

Research setting
Approximately 6% of female sex workers are estimated to be infected with HIV in Brazil [7] . While this is considerably higher than the 0.7% overall national prevalence rate among adults [8] , curbing the expansion of the HIV epidemic among female sex workers represents a considerable amount of effort and innovation on the part of the Brazilian Ministry of Health. The Ministry has made concerted efforts to reach sex workers with HIV prevention messages, materials and resources in partnership with local non-governmental organizations (NGOs) across the country, particularly in large urban areas such as Rio de Janeiro and Sao Paulo. One of the more recent media campaigns oriented toward female sex workers in Brazil entitled, ÔMaria without ShameÕ relays the Ministry's positive, non-judgmental approach to the sex work community. It is also important to note that sex work is not illegal in Brazil and is recognized as an official occupation by the Brazilian government [9] . These factors made Brazil a logical and feasible setting for adapting the social vulnerability and HIV/STI prevention framework developed and utilized by the Sonagachi Project.
Three study areas were purposively selected for inclusion in this study. The sites were chosen from among those areas where our local implementing partner Programa Integrado de Marginalidade (PIM) had been conducting HIV/acquired immunodeficiency syndrome (AIDS) peer education for over a decade. Low-income areas with a high prevalence of streetbased sex work were prioritized for the purposes of the study. The three specific sites included (i) a downtown site near the city's main train station, (ii) a large park and stadium area within the city limits and (iii) a main marketplace and truck stop area right outside the city. These sites were neither intended to be representative of sex work in Rio de Janeiro nor thought to be homogenous in terms of the demographics of the sex workers or clients associated with each. All three have in common, however, several key traits in that they are all areas where drug use and sales as well as both petty and violent crime are quite prevalent. Because of the strong history of HIV/AIDS peer education at each site, they also shared a knowledge base and shared experience which severed as a starting point for the community development activities developed during the course of the intervention.
Intervention activities
As part of the transition to a community development approach, the role of existing peer educators D. Kerrigan et al.
was jointly reconceptualized by NGO workers and sex worker peer leaders. Whereas their previous role focused predominantly on one-on-one and small group discussions regarding the importance of HIV/STI prevention and the provision of educational materials and condoms, the new role of project peer educators emphasized the idea of being an agent of social change. In turn, they were trained and encouraged to meet regularly with other sex workers in their sites to elicit and discuss issues of common concern regarding their health and well-being, not limited to their sexual health, and in particular to encourage their colleagues to participate in the newly formed sex worker organization named, Fio da Alma or The Soul's String.
One of the first community development activities initiated by Fio da Alma, upon the suggestion of many of the sex workers involved in the planning process, was the opening of a Drop-in-Center in Downtown Rio de Janeiro. The center sought to create a Ôsafe spaceÕ for sex workers to come together to discuss issues of common concern, hold project workshops and activities and serve as the administrative offices of Fio da Alma. Additionally, sex workers from each of the three study sites were asked to jointly identify priority action areas. They then solicited small funds and technical assistance from NGO project staff to assist them in implementing activities that they perceived as appropriate responses to the needs and concerns documented in open group meetings with sex workers from their area. Intervention activities were implemented during an 18-month period. Examples of intervention activities from each of the five conceptual areas of the project, based on the Sonagachi model described above, are described in Table I .
Data collection procedures
The study utilized a pre/post-test cross-sectional design. A pre-intervention survey was conducted with 499 female sex workers during the period May-July 2001 and a post-intervention survey was conducted with 537 sex workers from December 2002-February 2003. The survey component of the study utilized convenience sampling and included as many women >18 years of age who reported exchanging sex for money at the study sites as possible.
In order to estimate the population of women working at these sites, study staff visited each area on several different occasions at differing times of day in order to approximate the number of women working as sex workers at each location based on the knowledge of peer educators associated with each site. Discussion groups were also held with women from each site to discuss and refine these estimates. It was determined that roughly 700 women were working in the three study areas prior to the initiation of the pre-intervention survey. The study also sought to recruit sub-samples from each site proportionate to the estimated population totals found per site at pre-intervention. The research team was able to include ;70% of the estimated total population in the survey components of the study with the assistance of peer educators who acted as recruitment assistants and who had longstanding relationships with many of the women working at the sites.
Ethical issues
The study protocol and informed consents were approved by the Institutional Review Board of the State University of Rio de Janeiro. All survey participants were informed of the study objectives and potential risks and benefits of participation. All participants gave written informed consent. No monetary compensation was provided to study participants. Condoms, health education and health and social services referrals were made available to all study participants. The survey interviews were conducted by study staff trained in survey methodology and took place in private settings at each project site. In order to address both ethical issues associated with community participation as well as improve the utility of the data collected, sex workers were actively engaged in a wide range of research components associated with this study. In addition to assisting with recruitment, sex workers participated in developing the research protocol, data collection instruments and informed consent forms and in monitoring survey interviews in the field. They also reviewed data generated from Community development, HIV/STI and sex work in Brazil the study and used it to inform and refine the intervention. Several capacity building sessions were conducted with groups of sex workers from each of the three study sites to facilitate their ability to meaningfully participate in these research and program planning activities [10] .
Measures
Community development measures
Elements of all five components of the community development model employed by Sonagachi and adapted in the intervention herein were measured at pre-and post-intervention and are described in detail in Table I . The community development measures assessed included perceived social cohesion, level of comfort with sex work profession, ability to manage client risk behavior, access to and management of social and material resources, social participation and social acceptance. All aggregate measures related to community development were left in their original continuous form. Additionally, we sought to assess exposure to and participation in community-building activities by inquiring into whether pre-and post-test survey participants were familiar with Fio da Alma or considered themselves members of the group, knew where the group's drop-in-center was located or had visited the center and had participated in any group activities with other sex workers in the last 4 months.
HIV/STI-related outcomes
Study outcomes included protective sexual behaviors such as consistent condom use with both paying and non-paying partners. Participants were asked to report any instances of unprotected sex with paying clients over the last 4 months as well as the number of protected sex acts with all partners over the last week. They were also asked to report the number of times condoms were used during the last 10 sexual acts with their new clients, regular clients and steady, non-paying partners. Condom use variables were dichotomized into consistent and non-consistent use.
Sociodemographic variables
The study also assessed the following sociodemographic variables: age in years, educational level, number of years exchanging sex for money, average number of clients per week, average monthly income over last 4 months and the number of people the participant helped to financially support with income earned. All sociodemographic variables were measured as continuous variables and later dichotomized at their median.
Data analysis
Chi-square tests of association were conducted to identify significant differences in the sociodemographic characteristics of study participants from pre-to post-intervention. The relationship between community development components and consistent condom use with paying clients at pre-test was examined by conducting bivariate and multivariate logistic regression. Only sociodemographic variables and community development indicators found to be significantly associated with condom use in bivariate analyses at the P < 0.10 level of significance were included in multivariate analyses. Pre-to post-intervention changes in community development and HIV/STI-related behaviors were also assessed using bivariate and multivariate logistic and linear regression, controlling for sociodemographic variables for which significant pre-to post-changes were detected. Bivariate and multivariate logistic regression was also conducted to determine the psychosocial and material factors associated with higher levels of participation in community-building activities at post-test.
Results
Characteristics of the samples at pre-and post-intervention
As shown in Table II , the median age of preintervention survey participants was 28.0. The majority of participants reported low levels of formal education with only a small percentage of women at pre-test, 18.1%, having any secondary school education. The median number of years in sex work at pre-test was 3.0 and the median number of dates with clients per week was 10.0. The median average monthly income from sex work at pre-intervention was $US 228 with almost 40% of participants reporting that they supported more than two individuals in addition to themselves with this income. Significant pre-to post-intervention changes were detected for the following variables: number of years in sex work, number of clients per week, average monthly income and number of survey participants per study site. Changes in clients and income may reflect issues of seasonality and demand given the differing points of the year in which the pre-and post-test surveys were conducted. Our ability to reach our sample size targets at one of our sites was impacted by a series of violent crimes committed against sex workers around the time of the baseline survey. In turn, we had to adjust our sitespecific sampling goals pre-to post-intervention contributing to the significant difference in the number of participants recruited per site at the two data collection points.
Community development, HIV/STI and sex work in Brazil
Community development measures and consistent condom use at pre-intervention Table III demonstrates that many of the community development components examined at pre-intervention were significantly associated with consistent condom use among female sex workers and their paying partners in the last 4 months. Social cohesion and mutual aid, the ability to manage client risk behaviors, ownership and management of material resources, possession of government documents, participation in community organizations and experiences with violence were all significantly associated with condom use in bivariate analysis.
With the exception of ownership and management of material resources, all of these variables remained significant in multivariate analyses. We documented a 1.30 increase in the odds of consistent condom use with clients in the last 4 months per each level of social cohesion and mutual aid among sex workers. We found a 1.39 increase in the odds of condom use per each level of sex workers' ability to manage client risk behaviors. The possession of key government documents also proved important with a 1.36 increase in the odds of condom use per each additional document possessed. The level of sex workers' participation in community groups outside of the sex industry was also significantly associated with consistent condom use in multivariate analyses with a 1.56 increase in the odds of condom use per each additional group of affiliation. Violence related to sex work became significant at the P < 0.05 level in multivariate analysis with a decreased odds (OR 0.37, 95% CI 0.17-0.81) of consistent condom use with clients in the last 4 months among those who reported experiencing violence in the last 4 months. Significant sociodemographic factors included age and the number of persons supported by the participants' income from sex work. Whereas older sex workers were less likely (OR 0.48, 95% CI 0.24-0.95) to use condoms than younger sex workers and participants supporting more persons with their income from sex work were less likely to use condoms with clients in the last 4 months (OR 0.29, 95% CI 0.15-0.56).
Pre-post changes in community development measures and HIV/STI-related behaviors
Of the nine community development measures assessed at pre-and post-intervention, significant positive changes were detected among four of them, after controlling for sociodemographic characteristics of the samples. Three of the four positive changes were documented within the domain of perceived powerlessness and insecurity and one within the sphere of social participation. Level of comfort being a sex worker (OR 1.80, 95% CI 1.36-2.38; P < 0.0001) and level of comfort disclosing sex work to friends (OR 1.41, 95% CI 1.07-1.85; P < 0.0001) both increased significantly from pre-to post-intervention. Participants' ability to manage client risk behaviors related to alcohol, drugs and violence increased significantly pre-post intervention, with the mean score on the fourpoint measure rising from 2.07/4.0 to 2.49/4.0 (P < 0.0001). Social participation also increased significantly with the mean number of community organizations that sex workers participated in during the prior 4 months rising from 0.74 at pre-test to 1.23 at post-test (P < 0.0001).
We did not detect any significant positive changes in the condom use behaviors assessed among participating female sex workers from preto post-intervention. The majority of the behaviors assessed remained virtually the same from pre-to post-intervention including consistent condom use with all clients in the last 4 months (87.2-88.6%; P = 0.287) and consistent condom use with all partners, including both paying and non-paying partners, over the last week (80.4-79.0%; P = 0.808).
Exposure to and participation in community development activities
The intervention sought to increase community cohesion and social participation among sex workers and encourage them to come together as a group in a safe collective space. Several significant pre-post changes were detected regarding this process. For example, the percent of participants who could name Fio da Alma as the sex work organization represented by program peer educators, knew about the drop-in-center and its location and considered themselves Fio da Alma members all increased significantly from pre to post. How- Adjusted for demographic variables significant in bivariate analysis with consistent condom use (e.g. age and number of people supported with income) and study site.
Community development, HIV/STI and sex work in Brazil ever, the percent of women who had actually visited the center did not increase significantly (8.5-11.8%; P = 0.10); nor did the percent of women who had participated in a group activity with other sex workers during the last 4 months (13.8-16.0%; P = 0.314). Given these low levels of participation, we examined the predictors of participation in group activities with other sex workers in multivariate analyses among post-test survey participants. These analyses revealed that both psychological and material factors were associated with participation in community-building activities. For example, sex workers who were less comfortable with their profession (OR 0.61, 95% CI= 0.38-0.97) were significantly less likely to have participated in a group activity with other sex workers in the last 4 months as were sex workers who supported more than two people other than themselves (OR 0.38, 95% CI = 0.33-0.87) with their income from sex work.
Discussion
This study is one of the few to have adapted the community mobilization and development approach to HIV/STI prevention utilized by the Sonagachi Project of Kolkata, India to a sociocultural context outside of South Asia. Through this research, we developed five reliable aggregate measures to represent key components of the Sonagachi model which may be useful to public health programs working from a community development perspective within a variety of settings. Additionally, we found that four of these five community development measures including social cohesion and mutual aid, social participation and access to material and social resources were significantly associated with HIV/STI preventive behavior such as consistent condom use among participating sex workers and their clients, indicating the importance of community-building and community-bridging interventions for this population group. Intervention activities were implemented in relation to each of the five key components of the Sonagachi operational model during the study period including the development of a local sex worker organization, the establishment of a sex-worker-run drop-in-center and a variety of solidarity-building activities and collective advocacy initiatives. While the activities implemented were well received among those who attended them, we did not achieve widespread participation in the intervention over the study period as hoped. Additionally, we did not detect significant pre-post gains in the condom use behaviors assessed among participating sex workers during the 18-month observation period. In interpreting these findings, we propose that it is critical to note that the Sonagachi Project evolved into a comprehensive community development initiative over the course of almost a decade, rather than over a period of 18 months [6] . Additionally, when Sonagachi began in 1992, consistent condom use with clients was quite rare or <10% [6] . However, consistent condom use with clients was already >80% among participating sex workers from this study when the community development activities implemented began.
While our study period may have been too short to document significant changes in the HIV/STIrelated outcomes assessed, we did find significant increases in several community development components associated with protective sexual behavior over the study period. These include participants' level of comfort with their work, ability to ensure their safety by managing their client's risk behavior and social participation or involvement in community organizations outside the sex industry. Findings among post-test participants suggest that both psychological and material factors may have constrained a broader community mobilization and development process and in turn reductions in HIV/STI-related vulnerability over the study period. Hence, factors such as internalized stigma surrounding identity as a sex worker and socioeconomic status should be addressed in future programmatic efforts with female sex workers in order to facilitate greater participation in and benefits from the community-building process.
The primary limitation of this study is the use of a pre/post-test design limiting our ability to establish temporal patterns between the cross-sectional associations which we observed. Our sole reliance on D. Kerrigan et al.
reported outcomes measures related to condom use is an additional study limitation, as is our relatively short intervention and observation periods. Given the complexities of developing and implementing community mobilization and development activities, future research in this area should consider the use of longer term longitudinal study designs and a mix of biomedical and behavioral data collection methodologies. While no further operations research has been conducted by our study team with this project to date, the Brazilian government has been supportive of the processes initiated herein, lending both material and moral support to the project and facilitating the participation of project leaders in the ongoing dialogue between government and civil society regarding the prevention of HIV/ STI and the care of those living with HIV in Brazil.
Despite its limitations, this study indicates that the community mobilization and development components and processes documented by the Sonagachi experience are relevant and feasible to implement outside of that context. However, the pace by which program planners can adapt elements of the Sonagachi operational model may be influenced by a variety of contextual factors which should be assessed and addressed throughout program implementation in order to increase the possibilities for both project effectiveness and sustainability.
